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Abstract: Paralytic shellfish toxins (PSTs) are non-protein neurotoxins produced by 
saltwater dinoflagellates and freshwater cyanobacteria. The ability of Lactobacillus rhamnosus 
strains GG and LC-705 (in viable and non-viable forms) to remove PSTs (saxitoxin (STX), 
neosaxitoxin (neoSTX), gonyautoxins 2 and 3 (GTX2/3), C-toxins 1 and 2 (Cl/2)) from 
neutral and acidic solution (pH 7.3 and 2) was examined using HPLC. Binding decreased 
in the order of STX ~ neoSTX > C2 > GTX3 > GTX2 > CI . Removal of STX and neoSTX 
(77%-97.2%) was significantly greater than removal of GTX3 and C2 (33.3%-49.7%). 
There were no significant differences in toxin removal capacity between viable and 
non-viable forms of lactobacilli, which suggested that binding rather than metabolism is 
the mechanism of the removal of toxins. In general, binding was not affected by the 
presence of other organic molecules in solution. Importantly, this is the first study to 
demonstrate the ability of specific probiotic lactic bacteria to remove PSTs, particularly the 
most toxic PST-STX, from solution. Further, these results warrant thorough screening and 
assessment of safe and beneficial microbes for their usefulness in the seafood and water 
industries and their effectiveness in vivo. 
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1. Introduction 

Paralytic shellfish toxins (PSTs) belong to a family of neurotoxins produced by freshwater 
cyanobacteria (blue-green algae) [1] and marine dinoflagellates (red tide) [2,3]. Chemically, PSTs 
are a group of water-soluble carbamate alkaloids, which are either non-sulfated (saxitoxin (STX), 
neo-STX), singly-sulfated (gonyautoxins (GTX)) or doubly-sulfated (C-toxins) (Figure 1). 

Figure 1. Paralytic shellfish toxins (PST) are a group of water-soluble carbamate alkaloid 
neurotoxins exhibiting a range of toxicities, which are either non-sulfated (saxitoxin (STX), 
neo-STX), singly sulfated (gonyautoxins (GTX)) or doubly sulfated (C-toxins) at various 
positions indicated by R1-4. 




PST Ri R 2 R3 R 4 Net Charge Relative Toxicity 



STX H H H CONH 2 2 1 

neoSTX OH H H CONH 2 2 0.924 

GTX2 H H OS0 3 CONH 2 1 0.359 

GTX3 H OS0 3 H CONH2 1 0.638 

CI (epiGTX8) H H OS0 3 CONHS0 3 ~ 0 0.006 

C2(GTX8) H OSQ 3 H CONHSQ 3 0 0.096 



Ingestion of adequate amounts of PST leads to paralytic shellfish poisoning. The toxins block the 
influx of sodium ions in sodium channels, subsequently restricting signal transmission along neurons 
and causing death from respiratory failure [1]. PSTs appear to be more hazardous to terrestrial 
mammals than to aquatic biota [1], and they represent a significant health risk for humans, cattle, 
sheep, pigs, dogs and wildlife. In mice, LD50 of STX was found to be 260 ng/kg by the oral 
route [4], but the effect of long-term, low-level exposure to PSTs is unknown. 

In most cases, the level of PSTs in contaminated water itself is insufficient to cause paralytic 
shellfish poisoning. However, exposure to higher levels of PSTs can arise from the consumption of 
contaminated seafood (including mussels and oysters), algal dietary supplements and toxin-producing 
cyanobacterial cells. During cyanobacterial blooms, livestock mortalities have occurred after ingestion 
of water containing toxic cyanobacteria [5]. The incidence of human paralytic shellfish poisoning has 
also been increasing, causing a severe public health problem, as well as problems for the food industry. 
For instance, STXs has been reported in drinking water in Australia and Brazil [6]. Seafood regulations 
(EU directive 91/492/EEC) set the maximum acceptable limit of PSTs in shellfish at 80 ug STX 
equivalents 100 g _1 tissue [7]. 
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There is no known antidote or effective medical treatment available for paralytic shellfish 
poisoning [8]. Methods of removing PSTs during the drinking water treatment process have been 
studied, but each has limitations [9]. An efficient cost-effective means of inactivating or removing 
these dietary toxins, either in vitro or in vivo, is needed in order to reduce human fatalities and 
livestock deaths, especially in developing countries. 

Specific probiotic lactic acid bacteria have previously been shown to inactivate potent food-borne 
toxins, including aflatoxin Bl and other mycotoxins, as well as mutagenic dietary heterocyclic 
aromatic amines, to varying degrees [9,10]. Lactic acid bacteria are important natural constituents of 
the human gastrointestinal tract and are utilized widely in the food industry. Some are classified as 
probiotics; bacteria that have confirmed positive effects on health. Specific probiotics have been 
shown to be effective in treating and preventing different types of diarrhea and allergies, as well as 
stimulating the immune system [1 1]. In this study, the effectiveness of two probiotic lactic acid bacteria, 
Lactobacillus rhamnosus strains GG (GG) and LC-705 (LC-705) (in viable and non-viable forms), 
in removing six PSTs from acidic or neutral solutions, which represent pH variation in the 
gastrointestinal tract, was investigated using HPLC. 

2. Results and Discussion 

This study was designed to gain information about the PST removal mechanism by both viable 
and non-viable probiotic lactic acid bacteria. The removal of six specific PSTs in concentrations of 
44.8-397.8 (xg/L by GG and LC-705 varied significantly between the different toxins (Table 1). 
The effect of an acidic environment on bacterial removal of PSTs was investigated, as this information 
is useful for application in acidic foods and also in vivo, since both bacteria and PSTs pass through 
the acidic stomach prior to the intestine. 

The highest degree of removal was observed for STX and neoSTX (77%-97.2%). This was 
significantly higher (p < 0.05) than the intermediate removal detected for GTX3 and C2 
(33.3%^19.7%), which was, in turn, significantly higher (p < 0.001) than the poor removal observed 
for CI (7.8%— 13.7%). There was no significant difference between the removal of STX from the pure 
mix and C2 from the extract and between the removal of GTX2 and either CI or GTX3/C2 from 
the extract. Removal of PSTs decreased in the order: STX ~ neoSTX > C2 > GTX3 > GTX2 > CI. 
This is similar to the relative toxicity order (Figure 1), with the exception of C2. Correlations between 
the three-dimensional structure of PSTs and their level of removal (Table 1) are consistent with the 
two positively charged guanidinium nitrogens associated with a negatively-charged bacterial surface. 
There are distinct charge differences between the three classes of PSTs; that is STXs (+2), GTXs (+1) 
and C-toxins (0) (Figure 1). The present results suggest that electrostatic and hydrophobic interactions 
may be important in bacterial binding of toxins. 
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Table 1. Removal of paralytic shellfish toxins from solution following incubation (37 °C, 1 h) with L. rhamnosus strains GG or LC-705. STX, 
saxitoxin; neoSTX, neosaxitoxin; GTX, gonyautoxin; CI, C-toxin 1. 





Concentration 


Co-Incubated 


Incubation 


% Removed a by 


% Removed a by 


Substrate 


(Hg/L) 


with 


Buffer pH 


L. rhamnosus Strain GG 


L. rhamnosus Strain LC-705 










Viable b 


Non- viable c 


Viable b 


Non-viable c 


STX d 


120 






79.5 ±2.4 


84.9 ± 1.6 


89.9 ±2.8 


85.6 ± 1.0 


neoSTX e 


120 




7.3 


>80.2±2.4 


>97.2±2.1 


>77.0±2.4 


>91.9± 0.9 


STX 


50.4 






81.2 ±2.1 


90.0 ±0.9 


87.6 ±0.8 


91.0 ±0.9 


GTX2 


154.2 






32.5 ±2.5 


18.8 ±5.2 


27.0 ±7.6 


25.7 ±3.1 


GTX3 


44.8 


Organics f 


7.3 


36.0 ±2.0 


39.6 ±2.1 


42.7 ±3.1 


45.1 ± 1.2 


CI 


397.8 






13.7 ±2.8 


9.8 ±0.5 


12.8 ±0.5 


12.6 ± 1.2 


C2 


228.8 






46.1 ± 1.4 


47.8 ±0.4 


49.7 ±0.6 


47.8 ± 1.5 


STX 


50.4 






66.2 ± 1.9 


87.3 ±2.0 


74.1 ± 1.0 


89.1 ±0.8 


GTX2 


154.2 






26.3 ±5.3 


30.4 ±6.6 


38.2 ± 10.0 


33.4 ±2.3 


GTX3 


44.8 


Organics f 


2.0 


37.7 ±6.8 


33.3 ±7.5 


44.7 ± 1.1 


44.7 ±6.0 


CI 


397.8 






11.8 ± 1.4 


12.6 ±0.4 


7.8 ±0.9 


12.2 ±2.6 


C2 


228.8 






38.2 ±2.3 


37.0 ±2.6 


41.7 ± 1.6 


43.9 ± 1.3 



a Data are expressed as mean ± SD (n = 3); b viable; c non-viable (boiled in PBS for 1 h); d STX in the pure mix of STX and neoSTX solution; e another compound 
had the same retention time; therefore, values reflect a minimum amount of removal; f the solution contained multiple paralytic shellfish toxins (PSTs) and at least 
10 mg/L dissolved organic carbon extracted from cyanobacterial scum material. 
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There was no significant difference between the removal by GG and LC-705, nor between removal 
by viable and non-viable bacteria. Overall, bacterial removal of PSTs was significantly greater in 
neutral buffer (pH 7.3) than in acidic buffer (pH 2) (p < 0.01). Some L. rhamnosus strains are reported 
to have a net negative surface charge at neutral pH [12]. Electrostatic interactions existing between 
positively-charged PSTs and the negatively-charged bacterial surface at neutral pH would be reduced 
in an acidic environment. This could explain the greater removal of PSTs observed in neutral solution 
in comparison with acidic solution. While the level of PST removal generally dropped in acidic 
solution, it was never less than 60% of the removal achieved at neutral pH. Under acidic conditions, 
the binding of PSTs must result from other types of interactions, such as hydrogen bonding. 

2.1. Removal of STXand neoSTX 

Removal of the most toxic PSTs — STX and neoSTX — was high and not significantly different. In 
general, non-viable heat-treated bacteria removed more STX than viable bacteria, and this difference is 
accentuated in acidic solution. The same trend may occur for neoSTX, but this cannot be ascertained 
from the data in Table 1 . For the viable bacteria, LC-705 appears to remove more STX than GG. 

The effect of the presence of other organic molecules on the removal of specific PSTs is shown in 
Table 1. There was no significant difference between removal of STX from the mix of pure STX 
and neoSTX only and its removal from the cyanobacterial extract solution containing a range of PSTs 
and other organic molecules. Hence, overall, the presence of considerably higher concentrations of 
organic molecules and the presence of multiple PSTs had no significant effect on inhibiting or 
enhancing the removal of STX. However, the presence of additional organics appeared to enhance the 
removal of STX by non-viable bacteria. 

The concentration of PST in solution can affect the amount of PST removed. Nevertheless, 
similarities in the removal level of STX at concentrations of 50.4 and 120 (j,g/L suggest that concentration 
has a minor impact on the removal levels within this range. 

Comparison to previous studies with other substrates can be difficult, as the amount of substrate 
removed varies with substrate concentration and the bacterial cell counts used [13]. Nevertheless, 
the percentage removal of STX (50.4-120 (J-g/L) and neoSTX (120 (J-g/L) by both non-viable and 
viable LC-705 and GG are similar to the amounts of the potent hepatic mycotoxin, aflatoxin Bi 
(5 (j,g/mL), removed by these organisms in similar conditions [13,14]. Removal of the dietary 
heterocyclic aromatic amine, PhIP (50 jag/mL), is also similar at pH 3, where it is positively charged 
and has some structural similarity with PSTs [13]. 

2.2. Removal of GTX2, GTX, CI and C2 

Removal of GTXs ranged between 18.8% and 45.1% depending on the bacteria, the incubation 
buffer pH and the GTX analogue. In most cases, the removal of GTX3 was either greater or not 
significantly different than GTX2. LC-705 removed more GTX3 than GG in neutral solution. The 
removal of GTX2 by non-viable GG was considerably less than viable GG, and it appeared to be 
enhanced by acidic buffer in comparison with the neutral buffer. 
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In all cases, the removal of C2 was greater than CI. The amount of CI removed varied from 7.8% 
to 13.7%, while C2 was removed between 37.0% and 49.7%. Removal of C2 was less effective in 
acidic buffer in comparison with the neutral buffer. 

3. Experimental Section 

3.1. Bacterial Preparation 

Lactobacillus rhamnosus strains GG (ATCC 53103) and LC-705 (DSM 7061) were obtained as 
a freeze-dried powder from Valio (Helsinki, Finland) and Ron Hull & Associates (Mt Waverley, 
Victoria, Australia), respectively. These strains were pre-cultured and then cultured (42 °C, 9% CO2) 
for 24 h in MRS broth. Bacterial pellets were collected by centrifugation (13,000* g, 4 °C, 10 min), 
washed with phosphate buffered saline (PBS; 0.08 M phosphate, pH 7.6) and stained with Syto 9. 
Bacteria were enumerated by flow cytometry using a FACS Calibur flow cytometer (Becton 
Dickinson, San Jose, CA, USA). Briefly, cells were counted over a 2-min period, and the 
corresponding volume of bacterial suspension was used for enumeration. Non-viable bacteria were 
obtained by heat-treatment (boiled at 95 °C, 1 h) in PBS (2 mL), followed by centrifugation (321 Ox g, 
RT, 10 min), and the supernatant was removed. 

3.2. Preparation of Cyanobacterial Extract Containing P ST s 

Frozen scum material, collected during a bloom of toxic Anabaena circinalis (Coolmunda Dam, 
Warwick, Queensland, Australia, May 1997), was freeze-thawed three times to lyse the cells. 
Following centrifugation (16,900x g, 4 °C, 30 min), the supernatant was removed and the pellet was 
resuspended in 0.05 M acetic acid. Following sonication (30 min) and centrifugation (16,900* g, 4 °C, 
30 min), the supernatants were combined and concentrated (rotary evaporation, 40 °C) to one third 
their original volume. To the concentrated extract, an equal volume of cold 95% ethanol was added, 
and the solution allowed to stand on ice for 1 h. After centrifugation (16,900 x g, 4 °C, 30 min), the 
supernatant was removed and concentrated (rotary evaporation, 40 °C) to one quarter of its original 
volume, to remove most of the ethanol. The concentrated extract was then filtered through a glass-fiber 
filter (GF/C). 

Pigment removal was carried out using CI 8 column chromatography. A methanol slurry of the CI 8 
packing (200 g per 500 mL concentrated extract; Waters bulk packing material, 55-105 um) was used 
to produce a bed of approximately 5 cm in depth in a glass chromatography column (10-cm diameter), 
and the packing was washed by 500 mL of 80%, 60%, 40% and 20% methanol and 1 L water. 
The concentrated extract was added to the column and drained to the surface of the packing with 
any eluate being collected. The column was then eluted with water (1 L) and 0.05 M acetic acid 
(500 mL), the eluates combined and concentrated by rotary evaporation. The concentrations of toxins 
in the final extract were (mg/L): 0.25 (STX), 0.77 (GTX2), 0.22 (GTX3), 1.99 (CI) and 0.92 (C2). 
The extract also contained decarbamoyl gonyautoxins (dcGTX2 and dcGTX3), which could not be 
quantified, due to a lack of standards. The pH of the extract was 3.48, and the dissolved organic carbon 
content was at least 10 mg/L. 
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Two working PST solutions were prepared from this extract by dilution with two phosphate buffers 
(0.01 M, pH 7.3 and pH 2.0) to give final solution concentrations of (ug/L): 50.4 (STX), 
154.2 (GTX2), 44.8 (GTX3), 397.8 (CI) and 228.8 (C2). 

3.3. Preparation of Pure PST Solution 

Pure STX and neoSTX were purchased from the Institute for Marine Biosciences (National 
Research Council, Ottawa, ON, Canada), and stock solutions (14.4 mg/L) were prepared in 0.05 M 
acetic acid. A working solution of pure PSTs (containing 120 (Xg/L STX and 120 ug/L neoSTX) was 
prepared in neutral buffer from these stock solutions. 

3.4. Sample Preparation 

Bacterial pellets in triplicate (10 10 cfu) were suspended with PST solution (1 mL) and incubated 
(37 °C, 1 h) with shaking. PST solution was used as a positive control, and the buffer was substituted 
for PST solution in negative controls. After centrifugation (3210 x g, RT, 10 min), the supernatants 
were removed and filtered (0.45 um PVDF membrane, Pall Corp., Washington, NY, USA), prior to 
HPLC analysis. 

3.5. HPLC Analysis 

Reverse phase HPLC with post-column derivatization and fluorescence detection was carried out 
for each of the three classes of PST (STXs, GTXs and C-toxins) by the methods described by 
Oshima [15]. Samples were injected directly (volume varied between 5 and 200 uL) to achieve 
detection limits of <0.3 ng for each injected PST. 

A C8 column (150 mm x 4.6 mm) with a C8 guard cartridge was used for all toxin analyses. 
The column oven was set to 20 °C for C-toxin and GTX analyses and to 40 °C for STX analyses. 
A flow rate of 0.8 mL/min was used, and the injection volume varied between 5 and 200 uL. Post 
column, toxins reacted with oxidant and acid in a Teflon coil (0.5 mm i.d. x 10 m) at 65 °C in a dry air 
oven. Detection was by fluorescence with excitation and emission wavelengths of 330 and 390 nm, 
respectively, with a bandwidth of 18 nm. A flow rate of 0.4 mL/min was used for post column 
reagents. All samples were passed through 0.45 jam filters prior to analysis. 

For C-Toxin analyses, the mobile phase was 1 mM tetrabutyl ammonium phosphate (adjusted to 
pH 6 with 1 M sodium hydroxide). The post column oxidant solution was 7 mM periodate in 50 mM 
potassium dihydrogen phosphate, adjusted to pH 9.0 with 5 M sodium hydroxide, and the post column 
acid solution was 0.5 M acetic acid. The run time was 8 min, and the retention times for CI and C2 
were 4.3 and 4.9 min, respectively. 

For GTX analyses, the mobile phase consisted of 2 mM sodium heptane sulfonate and 10 mM 
diammonium hydrogen orthophosphate adjusted to pH 7.1 with phosphoric acid. The post column 
oxidant solution was 7 mM periodate in 50 mM diammonium hydrogen orthophosphate, adjusted to 
pH 7.8 with 5 M sodium hydroxide, and the post column acid solution was 0.5 M acetic acid. The run 
time was 16 min, and the retention times for GTX2 and GTX3 were 12.8 and 10.3 min, respectively. 
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For STX analyses, the mobile phase consisted of 2 mM sodium heptane sulfonate, 25 mM 
diammonium hydrogen orthophosphate and 5% acetonitrile, adjusted to pH 7.1 with phosphoric acid. 
The post column reagents were the same as used for the GTX analyses. The run time was 12 min, and 
the retention times for STX and neoSTX were 8.3 and 7.0 min, respectively. 

3.6. Statistical Analysis 

Statistical analysis was carried out using PRISM (version 4.0, Graph Pad Software Inc, San Diego, 
CA, USA). Two-way ANOVAs between each pair of variables suggested that the toxin was 
responsible for >90% of the total variation. The interaction between the toxin and bacteria accounted 
for <2% of the variation, as did the interaction between the toxin and buffer. Bacteria, buffer and any 
interaction between them were not a significant source of variation. Since data for the two buffers used 
did not pass the normality test, a non-parametric Wilcoxon signed rank test (2-tailed, matched pairs) 
was used. A one-way ANOVA was carried out between results for the four bacteria, and Tukey's 
post hoc test was used to determine significant differences. A non-parametric Kruskal-Wallis test was 
used to compare results for the seven toxins, as the variances were significantly different, and Dunn's 
post hoc test was used to determine significant differences. Results were considered significantly 
different at the 95% confidence interval (p < 0.05). 

4. Conclusions 

The strong removal of PSTs by non-viable bacteria indicates that PSTs are removed by binding 
rather than by metabolism. The lack of a significant difference between the ability of non-viable 
and viable bacteria to remove PSTs suggests viable bacteria also remove PSTs by binding. This is 
consistent with previous reports for the removal of a range of mycotoxins and other substrates by 
these specific bacterial strains through binding [10,16,17]. The advantage of non-viable bacteria could 
be attributed to their varied utility in food applications, water treatment and in vivo applications. 

Very little is known about how PSTs are absorbed through the mammalian intestinal epithelium; 
however, altering the intestinal microflora composition with probiotics can reduce the uptake of 
harmful compounds and prevent sickness and disease [18,19]. This is the first report of the ability of 
probiotic bacteria to effectively remove PSTs from solution. Further studies are needed to investigate 
the potential use of these probiotic microbes for industrial application or health benefits. 

Acknowledgments 

We gratefully acknowledge the donation of the L. rhamnosus strain GG (ATCC 53103) by 
Valio Ltd., Helsinki, Finland. Many thanks to Daniel Hoefel for advice and skillful assistance with 
flow cytometry measurements. 

Author Contributions 

Mari Vasama conducted the experiments and analyzed the data. Himanshu Kumar and 
Carolyn A. Haskard wrote the manuscript. Carolyn A. Haskard and Seppo Salminen designed 
the experiments and supervised the work. 



Toxins 2014, 6 



2135 



Conflicts of Interest 

The authors declare no conflict of interest. 
References 

1. Bartram, J.; Chorus, I. Toxic Cyanobacteria in Water: A Guide to Their Public Health 
Consequences, Monitoring and Management; Taylor & Francis: Oxford, UK, 2002. 

2. Jones, G.J.; Negri, A.P. Persistence and degradation of cyanobacterial paralytic shellfish poisons 
(psps) in freshwaters. Water Res. 1997, 31, 525-533. 

3. Kodama, M. Paralytic Shellfish Poisoning Toxins: Biochemistry and Origin; Terrapub: Orono, 
ME, USA, 2010. 

4. Melegari, S.; Matias, W. Preliminary assessment of the performance of oyster shells and 
chitin materials as adsorbents in the removal of saxitoxin in aqueous solutions. Chem. Cent. J. 
2012, 6, 86. 

5. Stewart, I.; Seawright, A.; Shaw, G. Cyanobacterial poisoning in livestock, wild mammals and 
birds — An overview. In Cyanobacterial Harmful Algal Blooms: State of the Science and Research 
Needs; Hudnell, H.K., Ed.; Springer: New York, NY, USA, 2008; Volume 619, pp. 613-637. 

6. Etheridge, S.M. Paralytic shellfish poisoning: Seafood safety and human health perspectives. 
Toxicon 2010, 56, 108-122. 

7. Humpage, A.R.; Magalhaes, V.F.; Froscio, S.M. Comparison of analytical tools and biological 
assays for detection of paralytic shellfish poisoning toxins. Anal. Bioanal. Chem. 2010, 397, 
1655-1671. 

8. Donovan, C.J.; Garduno, R.A.; Kalmokoff, M.; Ku, J.C.; Quilliam, M.A.; Gill, TA. 
Pseudoalteromonas bacteria are capable of degrading paralytic shellfish toxins. 
Appl. Environ. Microbiol. 2009, 75, 6919-6923. 

9. Merel, S.; Walker, D.; Chicana, R.; Snyder, S.; Baures, E.; Thomas, O. State of knowledge and 
concerns on cyanobacterial blooms and cyanotoxins. Environ. Int. 2013, 59, 303-327. 

10. Zoghi, A.; Khosravi-Darani, K.; Sohrabvandi, S. Surface binding of toxins and heavy metals by 
probiotics. Mini-Rev. Med. Chem. 2014, 14, 84-98. 

11. Sanders, M.E.; Lenoir- Wijnkoop, I.; Salminen, S.; Merenstein, D.J.; Gibson, G.R.; Petschow, B.W.; 
Nieuwdorp, M.; Tancredi, D.J.; Cifelli, C.J.; Jacques, P.; et al. Probiotics and prebiotics: 
Prospects for public health and nutritional recommendations. Ann. N. Y. Acad. Sci. 2014, 1309, 
19-29. 

12. Hynonen, U.; Palva, A. Lactobacillus surface layer proteins: Structure, function and applications. 
Appl. Microbiol. Biotechnol. 2013, 97, 5225-5243. 

13. Turbic, A.; Ahokas, J.T.; Haskard, CA. Selective in vitro binding of dietary mutagens, 
individually or in combination, by lactic acid bacteria. Food Addit. Contam. 2002, 19, 144-152. 

14. Vosough, P.R.; Sani, A.M.; Mehraban, M.; Karazhyan, R. In vitro effect of Lactobacillus 
rhamnosus GG on reduction of aflatoxinbl. Nutr. Food Sci. 2014, 44, 32-40. 

15. Oshima, Y. Postcolumn derivatization liquid chromatographic method for paralytic shellfish toxins. 
J. AOACInt. 1995, 78, 528-532. 



Toxins 2014, 6 



2136 



16. Zou, Z.Y.; He, Z.F.; Li, H.J.; Han, P.F.; Meng, X.; Zhang, Y.; Zhou, F.; Ouyang, K.P.; Chen, X.Y.; 
Tang, J. In vitro removal of deoxynivalenol and t-2 toxin by lactic acid bacteria. 
FoodSci. Biotechnol. 2012, 21, 1677-1683. 

17. Elsanhoty, R.M.; Ramadan, M.F.; El-Gohery, S.S.; Abol-Ela, M.F.; Azeke, M.A. Ability of 
selected microorganisms for removing aflatoxins invitro and fate of aflatoxins in contaminated 
wheat during baladi bread baking. Food Control. 2013, 33, 287-292. 

18. Andrinolo, D.; Gomes, P.; Fraga, S.; Soares-da-Silva, P.; Lagos, N. Transport of the organic 
cations gonyautoxin 2/3 epimers, a paralytic shellfish poison toxin, through the human and rat 
intestinal epitheliums. Toxicon 2002, 40, 1389-1397. 

19. Torres, R.; Pizarro, L.; Csendes, A.; Garcia, C; Lagos, N. Gtx 2/3 epimers permeate the intestine 
through a paracellular pathway. J. Toxicol. Sci. 2007, 32, 241-248. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.Org/licenses/by/3.0/). 



